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1. INTRODUCTION

In preparation for a fatigue test on the F/A- 18 rear empennage, a method has been
developed to determine actuator loads for the horizontal stabilators. A computer program
called STABAG has been written which implements the method to enable automated
computation of actuator loads corresponding to input spectrum points. This report
describes the program and serves as an operating manual for it.

The actuator loads covered in this report are for an array of pneumatic bag
actuators which will apply the manoeuvre loading in the fatigue test. Dynamic loading
applied by hydraulic or electromagnetic shakers is not covered here.

The actuator loads are calculated from input root conditions and input spanwise
distributions of shear force, bending moment, and torsion. The selection of the most
appropriate spanwise distributions from a data bank covering the aircraft flight envelope
could be automated based on the aircraft parameters but this is not a current feature of the
program.

One limitation of the F/A-18 fatigue test is that the stabilators will be locked at
one fixed angle, whereas in flight they are all-moving control surfaces through the
angular range 10.50 leading edge up to 240 leading edge down. The resulting angular
mismatch between the test and flight for many of the spectrum points makes it impossible
to get right both the spanwise loading on the stabilator and the root values transmitted to
the fuselage. Under these circumstances there is a step difference between the stabilator
root conditions from the spanwise loading of the stabilator and the stabilator root
conditions necessary to get the fuselage loading right. The root values transmitted to the
fuselage are regarded as being of paramount importance and the spanwise loading of
secondary importance. The approach adopted is then to determine loads which generate
exactly the right root conditions for the fuselage while approximating the spanwise
loading of the stabilator as closely as possible. A special algorithm was developed to
achieve this and is described in the report.

The Imperial system of units is generally used throughout this report because all
F/A-18 data is in that system.

2. OVERVIEW OF PROGRAM STABAG

The basic function of the program is to determine a set of point forces at
prescribed locations on the stabilator which closely simulates prescribed spanwise
distributions of shear force, bending moment, and torsion. As well, prescribed root
values of these quantities are exactly generated.
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The number and position of these point forces are specified by the user, as are the
above mentioned root conditions. The spanwise distributions are selected from a data
bank of load cases held in external files.

After the point forces are calculated, the corresponding shear force, bending
moment, and torsion diagrams can be drawn and compared to other such diagrams,
including those found from the distributions being simulated and from other sources read
in from an external file.

A numerical comparison of shear force, bending moment, and torsion at the given
point force positions can also be made, showing the percentage differences. This can be
done between different calculated distributions or with other distributions read in from an
external file.

The program STABAG has been written in Pascal using Borland Turbo Pascal
version 5.5. The program structure consists of a 'main program' and ten subroutints
(termed procedures in Pascal). The main program holds the Main Menu that lists the
user's operational options. Each option basically corresponds to a procedure. Each
procedure carries out a specific task either asking for data from the user or calling it from
external data files, or performing calculations required and outputting the results. (To
view the written coded program refer to APPENDIx 1.)

3. OVERVIEW OF STABILATOR SET UP

3.1 Structural Description

The F/A-18 utilizes two independent horizontal stabilator surfaces which are
entirely moveable. These surfaces may be actuated differentially, for roll control, or
collectively for longitudinal trim and pitch control. Detailed horizontal stabilator
structural arrangement is presented in FIGURE 1.

The stabilator surfaces have symmetrical aerofoil sections with a surface area of
44 ft2 (4.1 M2) per side, and aspect ratio of 2.44, and an anhedral of 20. The symmetrical
aerofoil offers the advantage of interchangeability; that is, the capability of any assembly
being used on either side of the aircraft.

The structure of the horizontal stabilator shown in FIGURE 1 consists of Ti-6A1-
4V inboard and outboard ribs, forward and aft well beams and spars, full depth 5056-H39
aluminium honeycomb core, and AS/3501-6 graphite/epoxy skins bonded to Ti-6. 1-4V
splice plates. The graphite/epoxy skins consist of multiple plies with the number of plies
and their fibre orientation optimized such that adequate strength and stiffness are
achieved. The skins are stabilized by full depth aluminium honeycomb core which
provides the shear load path.
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The horizontal stabilator position is controlled by a hydraulic actuator that drives
a machined Ti-6A1-4V drive horn which is attached to the root rib. Each stabilator is
supported on a steel spindle via two self-aligning aluminium pivot bearings with teflon
linings. Anti-fret bushings of beryllium copper are located between the bearing outer
race and titanium rib housing. The stabilator is designed to be removable from the
spindle to facilitate inspection or replacement. The leading edge as well as the aft section
of the tip are replaceable and the centre section of the tip is interchangeable for easy
maintenance.

Graphite/epoxy rib/ ~~Out .d bearingk, centerline T -A14 n

Ti-6A 1-4V Ann. Access ~ATuminium full

Panel Oox ~ depth honeycomb 47 n

Torque rib - Ti-6A 1 -4V Ann.uim

Ti-6A I4V Ann. Alosurehspd
Horn 88.0 in m

Closur sparLeading edgeSupport sparsskin

FIGURE 1. HORIZONTAL STABILATOR STRUCTURE

3.2 Pneumatic Bag Set Up and Coordinate System

The point forces found in this program represent a simple model of the loading
produced by an array of pneumatic bags which realistically give pressures over circular
areas. In this program only the point forces will be referred to, with the assumption that
the user will convert these forces to the required pressure for the pneumatic bag area
used. The point force positions will mostly be called the 'bag positions'.

The user determines the number of bags to be used aad their relevant positions
using the coordinate system specified by the program as follows: the origin is the leading
edge root position of the stabilator, positive Y' is aftwards, normal to the stabilator
spindle axis and in the stabilator neutral plane and positive 'X' is towards the stabilator tip
parallel to the spindle axis. The units for both axes are inches, in keeping with the origin
of the data. (The user is reminded of this coordinate system whilst working the program
when inputting the bag positions, refer to FIGURE 2)
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It is important to note that the shear forces, bending moments, and torsions
calculated in this program have been taken relative to the stabilator spindle axis. This is
especially important when comparing diagrams found by other means.

For the ability to easily calculate and match a given root torsion condition it is
assumed that the first and last numbered bags have the same X-position, and they should
also lie either side of the spindle axis. The program automatically sets the X-position of
the last numbered bag the same as the first to remind the user that this must be the case.
(Refer to FIGURE 2)

TRACE BL O.000
AL 0B585 B0W

FS 5548163 FS 851

X -\ . I WL 

- -
SL 41,920085 -
FS 588 858 THEO LE O C.PL
W. 90.31812
XH O.0)) WELL BEAM-FWD S 412 W

ZR 0.000 SPAR AFT 2.00 DEGo
OH ~ F; T'TE 100%C

S OUTBDFRB-AF
VII -

AIRFOIL % UNE DEFINOION
S BASED ON THEO L.E ORIGIN i5C REF SL 41 8200
THE ROOT CHORDC IS DEFINED AT INRI -j _FW MA OH 3535 ,R 0320085

- D1TE OF S,'ND- L,
AND FUSELAGE ML iPASEClN1 5 REF ES 3\288

PLUS 0 0785 OLITBO MEASURED OU-BD RIB FWD
IN CHORD PLANE f' LE CL-OSURE a

SPINDL F51 AXIS51 11
l85 T~

FS 88-4 7484 CT RIB4W WY 10 7

91 44 8 TI R "0

FIGURE 2. F-18 HORIZONTAL STABILATOR DEFINITION
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4. DESCRIPTION OF METHOD

4.1 Calculating the Bag Forces

The method looks at the profiles of the desirable bending moment and torsion
diagrams. It then aims to match these profiles when calculating the bag forces. But this
matching' is dependent upon the shear/bending/torsion root values set by the user ad the
number of bags used and their positions on the stabilator.

Starting from the outermost spanwise bag position and working inboard, the
difference between the desirable profile values and the actual values at each bag position
is minimised and the resulting equations are solved for the corresponding bag forces (F).
The three innermost bags are solved for last, using the root condition equations and the
now known outer bag forces.

For the following detailed description of this method a system of five bags is
looked at where the first and fifth bag have the same spanwise (X-axis) position. (Refer
to FIGURE 2)

The actual bending moment (M) and torsion (T) values at the second outermost
bag position (#3) are dependent on the bag positions #3 and #4, viz.

M3A = F4(x4-x3)

T 3A = F4y4

The shear force (S) profile values are not used in this matching procedure. Since
the shear force profile is dependent on the bending moment and torsion profiles then the
calculated shear force profile is matched automatically.

The desirable bending moment and torsion values are..

M3 D = M3? A = actual
D = desirable

T 30 = (T 3P+T 4P)/2 P = profile

To minimise the error between the actual and desirable values, the Least Squares
Method is used which in this case results in an equation for the outermost bag force (bag
force #4). (See the calculations in APPENDix 2)
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Now, knowing the outermost bag force, in terms of the profile values at the bag
positions, the next bag force along can be calculated in the same manner, and so on.
Finally the inner bag forces can be calculated using the now known values of the outer
bag forces and the prescribed shear(S)/bending(M)/torsion(T) root values, viz.

SR = (Fl + Fs) + F 2 + F3 + F4

MR = (F1 + Fs)x, + F2X2 + F3x3 + F4x4

TR = Fl 1y + F2y2 + F3Y3 + F4Y4 + F5y5

For a system of five bags only the outer two (#3 and #4) are calculated using the
Least Squares Method whilst the remaining three bags (#1, #5, and #2) are found using
the above root equations. (See APPENDIX 1 for the calculations for a five bag system.)

The program is not limited to calculating for five bags only, it can be used for
between 2 and 10 bags.

4.2 Interpolating Profile Data

As described in SECTION 4.1, shear force, bending moment, and torsion profile
data for the stabilator are called from external data files. In Section 5.6 those same data
are called when comparisons between those externally found profiles and STABAG
calculated models are made.

In either case the actual bag positions generally do not coincide with any of the
external data profile points (Refer to SECnoN 5.8). So there is a simple interpolation
technique used whenever an external data profile value is needed corresponding to a
specific spanwise bag position.

This technique firstly calls up an external data file specified by the user. It then
looks at each given bag position listed in this file and determines between which two
spanwise position values (0,10,20,30,40,50,60,70,80, or 88 - measured in inches) the
wanted profile point lies. Each of these spanwise positions has corresponding
shear/bending/torsion characteristics and a linear interpolation is used to find estimates of
the wanted profile values. (See FIGURE 3)
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eg: Y6  Y60 + [Y-Xe6 0e [YiO Y60]

External data file profile

Straight line between

Y60 - -- -- - - - - -tv~o profile points

X60  X66 X70

FIGURE 3. STRAIGH T L;NE INTERPOLATION METHOD



[8]

5. DETAILED DESCRIPTION OF PROGRAM AND OPERATING
INSTRUCTIONS

In the sections below the program is described in detail through the menu
structure. A sequence of related screen frames tracing a typical run sequence can be
followed through in APPENDIX 2 in parallel with the description.

5.1 The Main Menu

0: EXIT
1: Input New Bag Coordinates
2: Input New Root Conditions
3: Calculate and Table Forces
4: Graph Shear, Bending, Torsion
5: Compare Shear, Bending, Torsion

The Main Menu gives six choices, the first of which is to exit the program. It is
necessary to note that before being able to draw any of the program calculated diagrams
or make comparisons using such data, the calculation of point forces must be done and,
to do this, bag coordinates and root conditions must be set up and the shear force,
bending moment, and torsion profiles chosen. In fact, this order of events is the same as
that given in the Main Menu. If the user wishes only to draw diagrams and compare data
from external sources then this can be done at any stage.

Up to ten sets of bag coordinates, ten sets of root conditions and ten sets of
spanwise profiles may be set up, and then bag forces calculated and corresponding
shear/bending/torsion profiles may be drawn or compared. Up to 10 sets of
shear/bending/torsion diagrams may be called from external files and drawn.

EXIT

By entering '0' from the Main Menu the program is terminated.

5.2 Input New Bag Coordinates

By entering '1' from the Main Menu the Bag Coordinates Set Up procedure
appears on the screen. This is where the user states the number and position of the
pneumatic bags to be used. The first prompt asks the user to number the Bag Coordinate
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External File Number to be called. This data file must be of the form COORD x.DAT.
The user must enter the 'x' value where only integers from 0-9 are usable.

The second prompt asks for the number of bags to be used. An arrangtment of up
to 10 bags can be calculated (Refer to SECTION 5.,;).

The program next reads in the coordinates of the bags and at this point there is a
reminder of the coordinate system (as described in SrcnoN 3.2). But first a third prompt
asks if the user would like to change the number of bags to be used. Entering '' means a
change is required and the program will then return to that stage of the bag coordinate
input procedure. Entering '0' means that no change is required and then a list of bag
numbers and coordinates is automatically read in from the external file COORDx.DAT.

If this list is incorrect then the user can enter each bag number to be changed and
manually input the corresponding "X" and "Y" values, else entering '0' will complete the
bag coordinate input procedure and the screen will return to the Main Menu.

The benefit of having the coordinates already set up in the external file is to save
time when using the same bag coordinates and running the program repeatedly.

5.3 Input New Root Conditions

By entering '2' from the Main Menu the Root Conditions Set Up procedure
appears on the screen. This is where the user states the root shear force, root bending
moment and root torsion conditions to be met.

The first prompt asks the user to name the Bag Coordinate External File Number
that is to be used with the root conditions about to be inputted, as set up in SECTION 5.2.
Only integers from 0-9 are usable.

The program then automatically lists the three root condition values as read in
from the external file ROOTFx.DAT. The root condition data are in Imperial units of
ibf and in.lbf. If a change is required then the user can input the digits '1' to '4'
corresponding to the value to be changed (See APPENDLX 3). The new value can then be
inputted.

When no changes are required entering '0' will complete the Root Conditions Set
Up procedure and the screen will return to the Main Menu.
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5.4 Calculate and List Bag Forces

By entering '3' from the Main Menu the Calculation and Listing of Bag Forces
procedure appears on the screen. This is where the user instructs the program to actually
calculate and list the bag forces for the predefined bag coordinates and root conditions.

The first two prompts ask the user to name the Bag Coordinate External File
Number and the Root Conditions External File Number that are to be used for the current
calculations. Only integers from 0-9 are usable. These files must have previously been
called as per SEe'ION 5.2 and SECTION 5.3 respectively.

The next prompt asks which External Profile Data File (of the form
FA I 8x.DAT) is to be used. At this prompt only the corresponding 'x-integer needs to
be inputted and only the integers 0-9 are usable. (Refer to SECTION 5.8)

The program then calculates and lists the force required for each bag so as to
match the given root conditions and the shear force, bending moment, and torsion
profiles.

The last prompt gives the option of calculating and listing another set of bag
forces (for other predefined conditions) or for returning to the Main Menu. By entering
T the program returns to the beginning of the Calculate and List Bag Forces procedure
without erasing any previous bag-force lists. By entering '0' the screen returns to the
Main Menu.

5.5 Graph Shear, Bending, & Torsion

By entering 4' from the Main Menu the Shear Force, Bending Moment, and
Torsion Diagrams procedure appears on the screen. This is where the user can draw up
to five different sets of shear/bending/torsion diagrams for comparison and/or
'visualisation'. The program can graph the diagrams from the set ups calculated or from
an external file (FA18_x.DAT) where the profiles are listed. (See SEcnoN 5.8)

The first prompt is the Graph Main Menu and it gives the user three options:
EXIT, draw a graph of a STABAG calculated set up, or draw a graph from an external
file.

By entering '0' from the Graph Main Menu the screen returns to the Main Menu.

By entering '1' from the Graph Main Menu the program will proceed to draw the
shear/bending/torsion diagrams corresponding to a calculated Bag Coordinate and Root
Conditions Set Up. The first two prompts ask the user for the Bag Coordinate and Root
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Condition External File Numbers that were used in the STABAG calculations in SECnON
5.4. The program recalls the calculated bag forces found using the Bag Coordinate and
Root Conditions Set Up just inputted. It then draws the corresponding shearlbending/
torsion diagrams and the Graph Main Menu is returned.

By enteiing '2' from the Graph Main Menu the program will proceed to draw the
shear/bending/torsion diagrams from an external file that contains the appropriate profile
points. The prompt that replaces the Graph Main Menu asks the user to nominate which
external file to call from. The external profile data files used in this procedure are in the
following format: FA18_x.DAT where xis an integer from 0-9. At the prompt only the
corresponding 'x'-integer needs to be inputted. When this is done the corresponding
shear/bending/torsion diagrams are automatically drawn and the Graph Main Menu is
returned.

Note that no diagrams are deleted, but instead super imposed on the same axes,
until a return to the Main Menu is made. It is possible to compare up to five sets of
diagrams on the one graph with each set having a different line style. A key to the graph
is automatically drawn below the graph heading showing line style, the root conditions,
and the profile followed. For the diagrams drawn from external files the key lists those
files by name.

By entering '0' from the Graph Main Menu the screen returns to the Main Menu.

5.6 Compare Shear, Bending, & Torsion

By entering '5' from the Main Menu the Comparison of Shear Force, Bending
Moment, and Torsion (at the bag positions) procedure appears on the screen. This is
where the user can compare the specific shear/bending/torsion values at the bag locations
of two models. The models used can be the program's calculated 'set-ups' or from
another source where the data are found in an external file of the form FAI8_x.DAT ('x'
can be an integer from 0-9). (See SEctnoN 5.8)

The first prompt that appears on the screen asks the user to nominate whether the
first model to be compared is one calculated by the program or from an external file. By
entering '1' the first model to be compared is a program calculated set-up and prompts ask
the user to name by number the Bag Coordinate and the Root Condition External File
Numbers used. If '2' is entered instead, then the first model to be compared is from an
external file and the only prompt that appears is for the 'x'-value of the external file
(FA I8_x.DAT) as described above.

The next prompt asks the user to nominate whether the second model to be
compared is one calculated by the program or from an external file. The options that can
be taken are the same as for the first model to be compared as seen above.
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Following this, the program lists the bag numbers and their spanwise position, the
shear force, bending moment, and torsion values at these positions, and the percentage
difference of the two values relative to the second model.

The final prompt gives the choice of exiting or listing another comparison. By
entering '0' at this prompt the screen returns to the Main Menu. By entering T the
comparison procedure is begun again as described above.

5.7 Hardcopy Output

There are two types of screen output displays seen whilst running STABAG; text-
based and graphics-based. The graphics-based output display is used in only two
circumstances, the first being the initial title of the program - the very first screen output
display seen. This display is seen only once when running the program. The second
graphics-based output display is that referred to in SECTION 5.5, where the shear force,
bending moment, and torsion diagrams are drawn.

For a hardcopy of the text-based screen output display the user need only perform
the simple 'print screen' function as found on all IBM compatible PS/2 style personal
computers, assuming a printer is attached. This will not work for the graphics-based
output displays.

For a hardcopy of the graphics-based screen output display the user must have
run, i-*g concurrently with STABAG a 'screen freezing' program. With such a system in
place any screen output display seen whilst running STABAG can be 'frozen' at any time
and stored or printed. The actual process of storing/printing is dependent upon the
screen freezing' program used. (One such program available at the Aeronautical
Research Laboratory, and which does the job very well, is PIZAZZ PLUSt m by
Application Techniques, Inc.)

5.8 Use of External Files

STABAG makes use of external data files as well as the Turbo Pascal files that
the normal running of the program calls up. These data files are used to decrease the user
time when actually running the program, as they can store much of the data requested by
the program. They are also used to store the profiles of the shear/bending/torsion
diagrams found by sources other than this program, such as data recorded in actual flight,
etc.
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There are three types of data files used:
COORD-x.DAT
ROOTFx.DAT
FA18_x.DAT

where 'x' can be an integer in the range 0-9.

(See APPENDIX 4 for example listings of these three external files.)

COORD x.DAT

These files store the coordinates of the centre-points of the pneumatic bags. Up
to ten sets of coordinate data may be stored externally ready to be called by the program.
The axes for these coordinates are set up as described in SECTION 5.2 in this report. The
details of how to input the coordinate values are also found there.

When setting up this file the user needs to know how many bags are to be used
with their relevant (x,y) coordinate values. The values must be stored one to a line as the
program reads only the first value from each line of a data file. The first value must be
the x-coordinate of the first bag and the second value must be the y-coordinate of the first
bag and so on.

Q It is important not to include the value of the x-coordinate of the last bag.
The program will automatically assign this value identical to the x-
coordinate of the first bag. (See SECiON 3.2)

If these data are incorrect for a particular Bag Coordinate Set Up required whilst
the program is being run then the incorrect data will be displayed but can be edited within
the running program. This will not change the data file, that must be done outside of
STABAG using any editing set up. It is important that this data file always be called
COORDx.DAT as that is what the program looks for. If this is not so then the program
will fail.

ROOTF x.DAT

This file is used to store the required root values for a load condition of the
stabilator. Up to ten sets of root conditions data may be stored in external files and called
by the program. There are only three values stored in each file; the root shear force, the
root bending moment, and the root torsion. They are called when using the Root
Conditions Set Up procedure, option '2' from the Main Menu. (See SECTnON 5.3)
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Th, values must be stored one to a line as the program reads only the first value
from each line of a data file. If these data are incorrect for a particular Root Condition
Set Up required whilst the program is being run then the incorrect data will be displayed
but can be edited within the running program. This will not change the data file, that
must be done outside of STABAG using any editor set up. It is important that this data
file always be called ROOTFx.DAT as that is what the program looks for. If this is not
so then the program will fail.

FA18-x.DAT

This external data file is used to store the profiles of the shear/bending/torsion
diagrams found from sources other than this program. Up to 10 sets of diagrams may be
called from the program, naming each 'FAI 8_x.DAT where 'x' is any integer in the range
0-9. On calling the file from the running program only the integer value need be
inputted. (See SECnONS 5.5 & 5.6)

Ten specific spanwise positions are stored in this data file for each set of
diagrams. For each spanwise position there will be four values; the spanwise position,
the shear force, the bending moment, and the torsion. The units used are inches(in),
pound-force(lbf), inch-pound-force(in.lbf), and inch-pound-force(in.lbf) respectively.
Note that the program automatically factors the input values x 10000 for lbf and xl 00000
for in.lbf.

The ten specific spanwise positions (along the spindle axis) are from the root
position as follows: 0,10,20,30,40,50,60,70,80,88 measured in inches (in). The 88in
spanwise position is at the stabilator tip and the three load values
(shear/bending/moment) should be zero.

The values must be stored one to a line as the program only reads the first value
from each line of a data file. The order required is as follows: spanwise position, shear
force, bending moment, and torsion, with all these values given in the outward spanwise
order.

6. CONCLUSION

In preparation for a fatigue test on the F/A- 18 rear empennage, a method has been
developed to determine actuator loads for the horizontal stabilators. A computer program
called STABAG has been written which implements the method to enable automated
computation of actuator loads corresponding to input spectrum points.
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The basic function of the program STABAG is to determine a set of point forces
at prescribed locations on the stabilator which closely simulates prescribed spanwise
distributions of shear force, bending moment, and torsion. As well, prescribed root
values of these quantities are exactly generated.

The number and position of these point forces are specified by the user, as are the
above mentioned root conditions. The spanwise distributions are selected from a data
bank of load cases held in external files.

After the point forces are calculated, the corresponding shear force, bending
moment, and torsion diagrams can be drawn and compared to other such diagrams,
including those found from the distributions being simulated and from other sources read
in from an external file.

A numerical comparison of shear force, bending moment, and torsion at the given
point force positions can also be made, showing the percentage differences. This can be
done between different calculated distributions or with other distributions read in from an
external file.

The program STABAG has been written in Pascal using Borland Turbo Pascal
version 5.5. This report describes the program and serves as an operating manual for it.



APPENDIX I

Setting Up And Running STABAG

Hardware

The program STABAG is written using Borland Turbo Pascal requiring an IBM

compatible PS/2 style personal computer. For any hardcopy requirements a
printer is necessary and it is desirable to have a colour printer in order to make

best use of the colour-coded screen output displays used in the program. (See
SECTION 5.7)

Software

The program code has been written to suit Turbo Pascal versions 5 or 5.5. The
following files are necessary to run STABAG:

Turbo files: TURBO.EXE
TURBO.HLP
TURBO TPL

TPL EXE
GRAPH.TPU
EGAVGA.BGI (CGA.BGI if using a CGA screen)
TRIP.CHR
I II-.CHR

STABAG files: STABAG.PAS
COORDx.DAT (See SECTION 5.8)
ROOTF x.DAT (
FA18_x.DAT
MANUAL.DOC ( This report

Denotes the files that are required to be stored adjacent file
STABAG.PAS when running the program.

To run STABAG for the first time the user must call STABAG.PAS from within Turbo
Pascal and compile the program. Once this has been done, it is not necessary to
run the program from within Turbo Pascal. Instead, providing Turbo Pascal is on
the DOS path directory, STABAG can be run from wherever it is stored by typing
"Stabag",

For a hardcopy of the code, stored as STABAG.PAS, it is possible to read it into any
word processing program as a document and carry out the normal procedures
for printing such a document. *WORD5" is capable of doing this very easily and is
available at the Aeronautical Research Laboratory.



APPENDIX 2

Example Calculations of Stabiator Load Determination Scheme
MR

1 ~Diagram Al-i1

SR PShear force

Shear Force3
Bending Moment A
and Torsion axes4

--- 4)X [Spanwise direction]1
1(5) 2 3 4 Tip Lalong spindle axis j

T4

TR P
TP Torsion

Consider location #3: the bending and torque at location #3 are determined by
the force F4 at location #4.

MA.P F,~-.

TLA =4Y O~, (ust outboard of location #3)

Desirable values. M., and (T, v T:) /2

DefineerrorE3 =(MJ-MA). ((TA,'+T7)/2 - TA).

M (T-,P+T4 p) /2

1 (-M3A)~ 2 + (1- 2T.,A

M,-.T +T 4 P

(I1 F4- (X 4-X0) + (I 2F 4y 4_

MIP T i+ 4P

Now to minimise the error, the first differential of E3 with respect to F4 is equated to
zero and then solved for F4.

dE3 -2 (X4-Xl) (1 - F4 -(X 4-Xl) ) - (l1-2F 4 Y 4 - = 0

d F M3 P lvi~ T~+4 T3p+T4p



Giving F4 = (T 3P+T4P) (X 4 -X 3) + 2M3 Py4

(T3P+T4
P
) (x 4 -x 3 )2 + 4M3Py 4

2

M3
P  (T3 P+T4

P )

Now consider location #2:

M2A = F>(x,-x,) + F 3 (x 3 -x 2 )

T2A : F4 y 4 + F 3y Oust outboard of location #2)

Desirable values: M2
, and (TP+T3p) /2

E2 = (1 - F4(X 4 -X 2 ) - F,(x -x-))2 + (1 - 2F 4Y4_- 2Fjy:_
MMT M T +T T -*T.

And to minimise the error, the first differential of E2 with respect to F3 is equated to
zero and then solved for F3 .

dE2 = -2 (x -x 2 ) (1 - F4 (x,-_: - F, (x-x,)

dF M
-  

MA

• -2 2F4.y - 2Fo;)
TT?-T~

r  
T+ T T~i

Giving F3 = (T 2P+T3P) (X 3-X 2) (T 2 P+T3 P)F4 (x 3 -x 2) (x 4 -x 2 )

M2
P

+ 2M2 Py 3 - 4MPF 4Y3 y 4

(T 2 P+T3
P)

(T2P+T3P) (X3-X2 )2 + 4M2P.Y3
2

M2P  (T2 P+T3P)

The root shear, bending, torque for the stabilator are oot Mro,, and Troo, from the
load profiles, but suppose values Sp, Mp, and Tp have been specified for these root
conditions. We wish to match the specified values exactly.



S, = F- + F2 + F, + F 4 + F. (1)

M, = F~x: + F 2x 2  + F~x, + F,x 4 + Fx, (2)

F:y- , F 2 y + Fy + F 4 y + FyL (3)

F5 is the extra bag-force at the same spanwise location as bag force #1

From (1); F- + F. = (S - F-- F4 ) - F-

From (2); F. + F_ = (M,_-F 3x- -F~x) - F:,x-
X,

Therefore;

x,(S. - F- - F 4 ) - x-F- = (MR - F~x 3 - F 4 x 4 ) - F 2 x,

F 2 (x 2 -x) = (MR - F.x - F 4x 4 ) - (S -F.-F>)

Giving F 2 = (_ - 3__x - F4 x 4 ) - xJ (SR_-F 3 - F 4 )

X 2 -x 1

And from (1): F: : (S, - F, - F, - F 4 ) - F

Substituting this into (3) gives;

F, = T _S _y5 _ s -Ys)_-_y3-Ys)-F 4 (y4:.Y5 )

Y1 -Y 5

And F5 = SR - F, - F 2 - F3 - F 4



APPENDIX 3

Screen Frames From A Typical Run Sequence

SEE OVER



Stabilator
Equivalent set of point-forces required

for pneumatic bag load case simulation

Hit any key for MAIN MENU...



MAIM MENU

6 : EXIT
1: Input Nlew Bag Coordinates
2: Inpitt New Root Conditions
3: Calculate and Table Farces
4: Graph Shear, Bending, Torsion
5: Comtpare Shear, Bending, Torsion 1



BAG COORDINATES SET-UP

Enter Bag Coordinate External File No. (COORD-x.DAT) x=I

Input number of bags YOU Wish to Use :5

Listed is the coordinates Of the centre-points of these 5 bags.

(NOTE that the origin is the I.e. root position with positiue
( Y" aftuards and positiue 'T' towards the stabilator wing tip
(It is assumied that Bagil & Bag#5 hauf the same 'T' co-ordinate.

CHANGE bag number? (D=No, 1=Yes) :0



BAG COORDINATES SET-UP

Enter Bag Coordinate External File No. (COORDx.DAT) x =

Input number of bags you wish to use .5

Listed is the coordinates of the centre-points of these 5 bags.

N OTE that the origin is the I.e. root position uith positive
?" aftuards and positive "X" towards the stabilator wing tip
It is assumed that Bag#l A Bagi5 have the same "X" co-ordinate.

BAG # X (in) V (in)

1 13.00 43.10
Z 31.00 59.00
3 49.00 74.90
4 67.00 90.80
5 13.00 60.00

If the above table is CORRECT then enter <0>
If it is INCORRECT enter the Bag Number to be changed 0



ROOT CONDITIONS SET-UP

1) Enter Hoot Conditions External File No. (RODIF-x.DAT) x

2) Input Root SHEAR Force (lbf) Z8700
3) Input Root BENDING MIOMENT (in.Ibf) 1152000
4) Input Root TORSION (in.Ibf) -490000

Enter (0> for NO CHANGE or 1,2,3,4,5 for CHANGE 0



CALCULATION AND TABLE OF BAG-FORCES

Enter Bag Coordinate External File No. (COORD-x.DAT) x=

Enter Root Condition External File No. (RODYF_x.DAT) x =

Enter Profile External File No. to be used (FAiB_x.DAT) x =

BAG FORCE (lbf)

Bag Coordinates Set-up 8 1
Root Conditions Set-up I 1
Profile Matched ..
Ext File FA18_x.DAT; x = 1

Bag I I 616Z.80
2 4708.29
3 6006.83
1 8850.09
5 Z971.99

List another set of bag-forces ? (Yes=1,No=0) 0



BENDINO flOtT, SHEAR FORCE
Trsion and TORSION DIAGRAIS

Banding Ilorent

Shear Force

40 tOO

20 50

20 40 60 80 88 (in)

-20 - -50

(Ibt 4lO00) ) GAP rAIN MENU

(in.lIbf x100000)
I) Dra, graph of a STABAG calculated set-up

2) Crau graph from external file data



BENDING IOMENT, SHEAR FORCE
Totsaos:sBedigo and TORSION DIAGRAMS

Bending Mlouint

Shear Forc-e

U 3I

20 40 60 80 88 <in)

'Ibt ,100u Enter Bag Coordinate Ext File No (COOQD x.DAT) x -

(I'n.bf xi00000) Enter Root Condition Ext File No (P00TF-x.0AT) x =

Matched Pro4ile External File No (FAIB_,.OAT) x 
=



~Shea ::fi~ntSENDING MOMENT, SHEAR FORCE

Senin 40 o 0 8 in

(nU b 100 000)Tpe SF B Tor Pro ile r

W0Dr- ap o Sxlh8AO calculate (FtM-x.A

2) Drugaph ofal 5,-ABA c~allate d al 2



BENDING MOMENT, SHEAR FORCE
Tors ion and TORSION OIAGRAMS

Banding Monent

Shear Force

Root Conditions

Line Type SF 8Ml Tors Profile IMaich
+O lO0 (XlO^4) (xi0^6) (xl0^5) (F18x. OT)

2.8 1.1 -. 9

20 3

20 40 60 80 88 (in)

lbf .10000

40000) Enter Profile External File No

(F1 IP.-DA
T
) you .ish to grap :



BEND INO MIOMENT.* SHEAR FORCE

Tors ion
Bandng Mnentand TORSION DIAGRAMS

Shear Fre. Root Conditions

Line Type. SF 8MI Tors Profile Mat-d~

Data flo. est #hle FA18_LOAT

20 40 60 '960 '88 (in)

(lbf x10000) PHWNMU

(inmlbt , JOQOD) ) EXT

1) Drau. graph of a STASAG Calculated se!-.p

2) Orau graoh from e zerral file dataC



COMIPARISON OF SHEAR/BENDING/TORSION AT BAG LOCATIONS

Compare either - 1) STABAG Calculated Set-up
or - 2) Data From External File :1

Bag U Span Pos Shear Force Bending Mloment Torsion
(in) Uxl0009 lbf) W80008O in.lbf)

1st 2nd Ydiff 1st 2nd x.diff 1st 2nd /diff



COMPARISON OF SHiEAR/BENDING/TORSO1 AT BAG LOCATIONS

Compare STABRG Calc'd Set-up; Bag Coordinates Ext File No (COOED x.DAT) x 1
Hoot Conditions Ext File No (ROOTF x.DRT) x =
Mlatched Profile Ext File No (FA185x.DAT) x 1

Vith either - 1) STABAG Calculated Set-up
or - 2) Data From External File :2

Bag 4 Span Pos SHear Force Bending Moment Torsion
(in) (x10089 IV)l W80009~ in.lhf)

1st /.diff 1st 2nd z'diff 1st 2nd 'diff



COMPARISON OF SHEAR/HEND[NG/TOHSION AT BAG LOCATIONS

Compare STABAG Cac~ Set-up; Bag Coordinates Ext File No (COOED -x.DAT) x=
Hoot Conditions Ext File No (BOOTY-x.DAT) x=
Matched Profile Ext File No (FAiR_x.DAT) x=

Uith Data From External File External File FAiR_x.DAT x =

Bag U Span Pos Shear Force Bending Moment Torsion
(in) W0009G lbf) W90099O in.]bf)

1st 2nd %djff 1st 2nd xdiff 1st 2nd %diff

1 & 13.00 Z.41 2.82 -14.3 7.?9 8.88 -12.3 -5.01 -5.50 -8.2
2 31.00 1.72 2.07 -16.? 4.27 1.78 -10.? -4.19 -5.07 -11.4
3 49.00 1.13 1.24 -4.3 1.59 2.01 -21.9 -2.07 -3.9? -47.2
4 67.00 0.44 0.51 -13.3 0.00 0.73-100.0 -0.17 -2.10 -91.9

0) EXIT
1) Another comparison :0



APPENDIX 4

Example External File Listings

0
3 1Q
128
-544
10
2.92
9.6
-5.52
20
2 57
7.20
-5.44
30
2.11
496
-5 12
40
1.68
3 12
-464
50

.19
192
-384
60
0 757
1 12
-2.88
70
0405
056
-1 76
80
0 135
0 24
-064
88
0
0
0

coo ,t. _ Tk-

13.0
431
31.0
59.0
49.0
74 9
670
90.8
600

28700
I 15200
-49I000
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